Abstract. The DAV BPM 37093 should have a substantially crystallized core based on its mass and temperature. Using this as a motivation, we examine the way in which a crystalline interior affects the nonradial mo de frequencies of a white dwarf star. We confine ourselves to a relatively massive model within the DA instability strip (M* = I.IMQ), since crystallization in this temperature range should be important only for high-mass white dwarfs. We find that crystallization has a significant effect on the mean period spacing of adjacent radial overtones, of order 10-30%. Thus, a correct pulsational treatment of crystallization is vital if we are to make reliable asteroseismological measurements of a given stars' properties.
MAIN POINTS
• The white dwarf BPM 37093 is a DAV which should be crystallized according to established theoretical models, as shown in Fig. 1 (Winget et al. 1997 , Bergeron et al. 1995 ).
• The effect of crystallization is to push the region of g-mode propagation outward from the center (Fig. 2 ).
• As a result, the mean period spacing, ΔΡ, between consecutive overtone g-modes increases as the amount of crystallization increases ( Fig. 3 and Eq. 1). 
THE EFFECT OF CRYSTALLIZATION ON THE PULSATIONS
The class of modes believed to be responsible for the luminosity variations in the DBVs and the DAVs are the g-modes. In white dwarfs, these modes sample the surface regions of the star more than they sample the deep interior, whereas p-modes in white dwarfs sample the core region more. In both cases, however, the modes are global in nature and involve the entire star. In particular, since gmodes have some sensitivity to the interior regions of a white dwarf, In r/p
Fig. 2.
The propagation region in a white dwarf model with different degrees of crystallization. The p-modes propagate in the region defined by σ 2 < TV 2 , L\\ the horizontal dotted line shows the extent of this region for a 600 second mode in the case of no crystallization. The vertical dotted lines, which indicate different amounts of crystallization, illustrate how the propagation region is pushed outward for 20%, 50% and 90% crystallization.
the degree of crystallization of the core will affect the g-mode frequencies.
This situation is illustrated in Fig. 2 , where the radial coordinate was chosen to be In r/p, with r the radius and ρ the pressure, both in cgs units; as a result, the surface is located to the right. For example, we can see that as the amount of crystallization is increased from 20 % to 50 %, the inner turning point for the 600 s mode moves outward somewhat. This change in the region which the mode samples results in a measurable period change for a given mode.
Analytical treatment
The solid line in Fig. 3 is derived from an analytical expression for g-mode periods in the high radial overtone limit (Unno et al. 1989, Eq. 16.41) ; this expression for the mean period spacing is
where ΔΡο is the mean period spacing of the uncrystallized model, Ν is the Brunt-Väisälä frequency, r is the radial coordinate, ra and rj, are the inner and outer turning points of propagation of the mode in the uncrystallized case, respectively, and rx is the inner turning point in the crystallized case, which is a function of the crystallized mass fraction, Mxtai/M*. We can see from Eq. (1) that as the star crystallizes and rx moves farther outward, the denominator decreases (since the integral is real and positive between ra and rj,), which leads to an increase in ΔΡ/ΔΡο, as shown by the solid line in Fig. 3 .
Numerical results
The points in Fig. 3 are from an actual numerical pulsational analysis, using modes between 500 and 1000 seconds to define an average ΔΡ. These points lie close enough to the analytical line that we have confidence in the validity of our approach. We have made the approximation that y\ = 0 at the crystallization boundary, which arises from the exponential damping of the oscillations within the crystallized region and the continuity of the radial displacement across this boundary (this approach has been successfully used by Bildsten & Cutler (1995) in the case of surface g-modes in a liquid ocean penetrating a solid neutron star crust).
CONCLUSIONS
According to established theoretical models, the star DAV BPM 37093 should have a significant fraction of its mass in crystallized form, possibly as high as 90 % if its core is composed of pure oxygen. As can be seen from Fig. 3 , crystallization has a significant effect (10-30%) on the mean period spacing. This result, coupled with observations of the periods present in BPM 37093, will hope- fully allow us to determine the mass fraction of this star which is crystallized.
